The body's internal system to control the daily rhythm of the body's functions (i.e., the circadian system), the body's stress response, and the body's neurobiology are highly interconnected. Thus, the rhythm of the circadian system impacts alcohol use patterns; at the same time, alcohol drinking also can alter circadian functions. The sensitivity of the circadian system to alcohol may result from alcohol's effects on the expression of several of the clock genes that regulate circadian function. The stress response system involves the hypothalamus and pituitary gland in the brain and the adrenal glands, as well as the hormones they secrete, including corticotrophin-releasing hormone, adrenocorticotrophic hormone, and glucocorticoids. It is controlled by brain-signaling molecules, including endogenous opioids such as β-endorphin. Alcohol consumption influences the activity of this system and vice versa. Finally, interactions exist between the circadian system, the hypothalamic-pituitary-adrenal axis, and alcohol consumption. Thus, it seems that certain clock genes may control functions of the stress response system and that these interactions are affected by alcohol. KeY WorDS: Alcohol consumption; alcohol use, abuse and dependence; alcohol and other drug use pattern;
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The circadian System and Alcohol's effects on It
The circadian system-or the body's internal clock-is a naturally present regulatory system that helps the body maintain an approximately 24-hour cycle in biochemical, physiological, or behavioral processes, thereby allowing the organism to anticipate and prepare for regular environmental changes (i.e., the day-night cycle). For example, circadian rhythms maintain not only sleeping and feeding patterns but also physiological processes such as body temperature, brainwave activity, hormone production, and cell regeneration. The circadian clockwork results from the interaction of specific clock genes, including genes known as Period (Per1, Per2, and Per3), Clock, Bmal1, and Cryptochrome (Cry1 and Cry2) , and others. 1 The activity of these genes is controlled by two tightly coupled transcriptional and translational feedback loops that sustain a near 24-hour periodicity of cellular activity. Expression of these clock genes, in turn, regulates the expression of other clock-controlled genes (Ko and Takahashi 2006) .
In both humans and animal models, complex bidirectional relationships seem to exist between alcohol intake or exposure and circadian clock systems. The impact of the circadian system on alcohol use is shown by the fact that both preference for and consumption of alcohol are modulated by time of day, and studies found that genetic interactions link core circadian clock genes with alcohol drinking (Spanagel et al. 2005a, b) . In addition, disruption of the normal circadian rhythm (i.e., circadian desynchronization) seems to increase the use of alcohol, as seen in frequent travelers and rotating-shift workers, possibly because it frequently activates the body's stress response (i.e., increases the allostatic load 2 ) (Rosenwasser et al. 2010; Trinkoff and Storr 1998) . At the same time, a strong relationship seems to exist between alcohol drinking and altered circadian functions. For example, alcohol intake can alter the following circadian responses:
• Circadian rhythms in blood pressure, core body temperature, and hormone release in humans (Danel et al. 2009; Devaney et al. 2003; Nakashita et al. 2009 );
• Shifts in the normal circadian rhythm (i.e., circadian phase shifting) and in the free-running period 3 in mice (Prosser et al. 2008; Seggio et al. 2009 );
• Return to a normal circadian rhythm after a disruption (i.e., circadian phase resetting) and nocturnal activity patterns in hamsters (Ruby et al. 2009; Seggio et al. 2007) ; and 1 By convention, gene names in animals are written in uppercase and lowercase and italicized. Gene names in humans are written in all caps and are italicized, whereas the acronyms for the encoded proteins are all caps but not italicized.
2 The term allostatic load refers to the physiological consequences of chronic exposure to fluctuating or heightened hormonal responses resulting from repeated or chronic stress.
3 Free-running period is a period that is not adjusted or entrained to the 24-hour cycle in nature or to any artificial cycle.
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• Rhythmicity in the activity of certain brain cells (i.e., proopiomelanocortin [POMC] 4 -producing neurons) in a brain region called the hypothalamus (which is involved in the body's stress system) in rats (Chen et al. 2004 ).
Even alcohol exposure before birth can interfere with circadian systems. Thus, prenatal ethanol exposure in rats can alter core body temperature and phase-shifting ability (SakataHaga et al. 2006) ; rhythmic activity of the pituitary gland and the adrenal gland, both of which are part of the body's stress response system (Taylor et al. 1982) ; the rhythmic release of the main stress hormone (i.e., corticosterone) (Handa et al. 2006) ; immune cell rhythms (Arjona et al. 2006) ; and circadian expression of POMC in the hypothalamus (Chen et al. 2006 ).
Why Is the Body's Circadian System So Vulnerable to Alcohol Toxicity?
One logical explanation for the sensitivity of the circadian system to alcohol suggests that alcohol specifically targets one or more of the genes that regulate circadian functions. Using different experimental designs, researchers have demonstrated that alcohol exposure significantly alters the expression of several core clock genes. For example, in chronic alcohol-drinking rats, circadian expression of Per1 and Per2 is significantly disrupted in the hypothalamus (Chen et al. 2006) . Likewise, prenatal alcohol exposure alters circadian expression of Per1 and Per2 genes in the hypothalamus and in tissues in other parts of the body in rats and mice (Arjona et al. 2006; Chen et al. 2004; Ko and Takahashi 2006) . In addition, neonatal alcohol exposure reduces Cry1 expression in a brain region called the suprachiasmatic nucleus and advances the phase of the Per2 rhythm in the cerebellum and liver (Farnell et al. 2008) . In human studies, the expression of clock genes (PER, CRY, and BMAL1) is reduced in white blood cells of male alcoholic patients (i.e., after chronic alcohol exposure) (Huang et al. 2010) , whereas alcohol drinking in healthy males (i.e., acute exposure) increases BMAL1 expression in these cells (Ando et al. 2010) . Finally, variations of the PER2 gene in which individual DNA building blocks are altered (i.e., single nucleotide polymorphisms [SNPs] ) are associated with increased alcohol consumptions in male patients (Spanagel 2005a ) and adolescent boys (Comasco et al. 2010 ). These observations suggest that clock genes are targets through which alcohol may alter circadian functions. However, in-depth molecular studies are necessary to elucidate the potential mechanisms by which alcohol directly or indirectly affects clock gene expression and cellular functions. 4 PoMC is a precursor molecule primarily produced in and secreted by the pituitary gland but also in the hypothalamus. PoMC subsequently can be processed in other tissues into numerous different products, which in turn exert specific effects on the organism and play a role in a wide range of physiological processes. one of these products is adrenocorticotropic hormone (ACTH), which is produced in the pituitary gland and is part of the body's stress response system, the hypothalamic-pituitaryadrenal (HPA) axis.
circadian Systems, the Stress response, and Alcohol consumption
The Stress Response System
The circadian system also may be involved in regulating alcohol-drinking behavior by interacting with a hormone system called the hypothalamic-pituitary-adrenal (HPA) axis, which plays a central role in the body's stress response as well as in reward mechanisms. Stress increases the production of a hormone called corticotrophin-releasing hormone (CRH) in certain cells in a region known as the paraventricular nucleus (PVN) in the hypothalamus. The CRH then is secreted into the blood vessels leading to the pituitary gland, where it interacts with a specific molecule, the CRH receptor1 (CRHR1), on specific cells in the anterior pituitary. In response, these cells begin the synthesis and release of adrenocorticotropic hormone (ACTH) into the circulation. ACTH, in turn, stimulates the release of glucocorticoids (i.e., corticosterone in rats and cortisol in humans) from the outer layer (i.e., cortex) of the adrenal glands that are located on top of the kidneys. The glucocorticoids then act on numerous tissues throughout the organism to coordinate the body's stress response. However, the CRH/CRHR1 system is found not only in the hypothalamus but also in other areas of the brain and helps mediate the actions of the brain's central stress response systems.
The CRH-HPA system is controlled by many brainsignaling molecules (i.e., neurotransmitters) and their receptors, including opioid peptides 5 (e.g., β-endorphin [β-EP]) and their receptors. For example, in rats, the bodies of CRFproducing cells are found in the same locations of the PNV as the fibers of β-EP-releasing cells. In another area of the hypothalamus called the median eminence, a certain type of opioid receptors (i.e., µ-opioid receptors [MOP-r] ) is located on the ends of CRH-releasing cells. Agents that stimulate the activity of this receptor (i.e., MOP-r agonists) can inhibit neurotransmitter-stimulated CRF release from the hypothalamus in vitro. Likewise, studies in living organisms found that β-EP infusion decreased CRH release in the blood vessels linking the hypothalamus and the pituitary (Plotsky 1991) , and morphine pretreatment prevented stress-induced HPA activation (Zhou et al. 1999) . Finally, transplantation of β-EP-producing cells into the PVN suppressed HPA activation under different conditions and normalized stress hyperresponse in fetal alcohol-exposed rats (Boyadjieva et al. 2009 ). All of these data suggest that endogenous opioids (and, by extension, opiate drugs) have a counterregulatory effect on the stress response.
Alcohol and the Stress Response
In the central nervous system, β-EP long has been suspected of contributing to the positive reinforcement and motivational 5 opioid peptides are short sequences of amino acids (i.e., peptides) that are naturally produced by the body and have effects resembling those of opiate drugs. The three main classes of endogenous opioids are endorphins, enkephalins, and dynorphins. Endorphins also are derived from PoMC, which also is the precursor for ACTH.
properties of several addictive substances. For example, microinjection of this peptide to several regions of the brain's reward system that involves the neurotransmitter dopamine (i.e., the mesolimbic dopamine system), such as the nucleus accumbens, produced place preference (Bals-Kubik et al. 1993 ). In addition, several studies have demonstrated that repeated administration of alcohol, cocaine, or heroin significantly attenuated -EP expression in various limbic areas (Jarjour et al. 2009; Rasmussen et al. 2002; Sweep et al. 1988) , supporting the notion that -EP may contribute significantly in the development of alcohol abuse and dependence.
The stress response system also interacts with these reward pathways. For example, the CRH/CRHR1 system can activate mesolimbic dopaminergic pathways and increase dopaminemediated signal transmission in various parts of the mesolimbic system, including the nucleus accumbens, amygdala, and medial prefrontal cortex. Furthermore, elevation of plasma corticosterone has been associated with increases in alcohol self-administration (Fahlke et al. 1995) . Finally, evidence indicates that corticosterone directly stimulates activity of the mesolimbic dopamine system, subsequently increasing drug-seeking behavior (Piazza et al. 1996) . Thus, stress, via activation of the CRH-HPA circuits and/or extrahypothalamic CRH circuits, increases mesolimbic dopamine that, in turn, increases drug seeking in drug-treated animals. The relationship between the stress response and the mesolimbic dopamine system is further supported by findings that an abnormality in POMC-mediated regulation of the HPA axis may lead to excess alcohol drinking under stressful conditions. Finally, consistent with animal studies demonstrating acute and chronic effects of alcohol on the HPA axis (Koob and Bloos 1998) , studies in humans have documented HPA axis alterations in both actively drinking and recently abstinent alcoholics (Sinha 2007; Uhart and Wand 2009 ).
Figure
Conceptual framework of how the circadian genes regulating stress-induced excess alcohol drinking. Clock genes (Per = P, Cry = C, Bmal1 = B, and Clock = Cl) are key components of the circadian mechanism controlling the functions of nerve cells in the hypothalamus and pituitary that produce two molecules important in the body's stress response-corticotrophin-releasing hormone (CRH) and proopiomelanocortin (POMC). Of these clock genes, Per might be a potential target of alcohol (indicated by a * symbol) in CRH and POMC neurons and may control the stress-induced propensity to consume alcohol.
NOTE: (+) = stimulatory effect; (-) = inhibitory effect.
Circadian Genes, the Stress Response, and Alcohol
Several findings have suggested that interactions exist between the circadian system, the HPA axis, and alcohol-drinking behavior (see the figure) . For example, in animal studies, forced-swimming and immobilization stress elevated expression of the murine Per1 gene in CRH-positive cells of the PVN (Takahashi et al. 2001 ). On the other hand, stress-related (i.e., cortisol-induced) transcriptional activation of human PER1 was reduced in a type of human blood cells (i.e., Blymphoblastoid cells) that carried an altered form of the PER1 gene (i.e., the rs3027172 genotype), which has been associated with an increased risk of alcoholism (Dong et al. 2011) . Moreover, alcohol consumption can decrease Per2 expression in POMC-producing neurons in the hypothalamus (Chen et al. 2004) , and certain mutations in the murine Per2 gene interfere with alcohol's stimulatory effect on POMC neurons (Agapito et al. 2010) and alter the rhythmic changes in corticosterone levels in the blood (Yang et al. 2009 ). Thus, it seems that the Per1 and Per2 genes may control functions of CRH-and POMC-producing neurons and that these interactions are affected by alcohol. It is possible that alcohol-mediated modulation of Per genes may play a significant role in modulating HPA axis function, which in turn may lead to an increased propensity to drink alcohol following a stressful event. This view is supported by the recent findings by Dong and colleagues (2011) that the presence of certain Per1 mutations increased psychosocial stress-induced alcohol drinking in mice, increased alcohol-drinking behavior in human adolescents following psychosocial adversity, and reduced cortisol-induced transcriptional activation of Per1 in human B-lymphoblastoid cells. Other recent findings, although preliminary, showed that a certain Per2 mutation increased basal levels of plasma corticosterone and alcohol drinking while preventing stressinduced increases in corticosterone levels and alcohol drinking in mice (Logan et al. 2011) . In this context, it is interesting to note that mice carrying mutations in Per2, but not Per1, display ethanol reinforcement and alcohol-seeking behavior (Spanagel et al. 2005a; Zghoul et al. 2007 ).
conclusions
The studies reviewed here suggest an intricate interaction between circadian genes, the body's stress response, and alcohol consumption. Thus, it seems that particularly the Per1 and Per2 genes, which have a distinct influence on the HPA axis, may control stress-induced propensity to alcohol drinking behavior. However, additional research is needed to address this novel concept involving clock genes, stress, and alcohol drinking. ■
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Alco hol Aler t
Number 83
Evidence-bas ed approaches for preventing harmful alcohol use are key.
Drinking too much alcohol can take a heavy toll, not only on a person's health but also on his or her family relationships and work or school performance. Alcohol consumption can lead to alcohol dependence and abuse, contribute to a number of diseases and mental and behavioral disorders, and may lead to a range of injuries. In addition, drinkers and their families are subject to social harm, such as family disruption, problems at the workplace (including unemployment), criminal convictions, and nancial problems. ey also encounter higher health care and related costs.1,2
Drinking produces immense costs to society in terms of health care expenses, lost productivity, and lost years of lives. One of the most e ective ways to lessen the costs associated with alcohol abuse and alcoholism is to prevent people from starting abusive drinking patterns. Because people drink for di erent reasons and under a wide variety of circumstances, prevention e orts must address an array of problems associated with that breadth of drinking experience. is Alert explores some of the most e ective prevention approaches in use today, aimed at a variety of groupsespecially youth, their families, and the communities in which they live and work. It reviews laws and policies that can curtail access to alcohol or curb its use, protecting society as a whole and reducing the social, legal, and monetary costs of alcohol abuse and dependence.
Costs of Alcohol Abuse
High-risk drinking leads to considerable personal and societal harm both in the United States and around the world. Globally, for example, alcohol is the third-leading risk factor for premature death and disability.3
,4 e costs associated with alcohol use amount to 1 to 3 percent of the gross domestic product in highincome countries.1 In the United States, the estimated costs of alcohol abuse were $223.5 billion in 2006.5 Drinkers and their families pay only a portion; instead, nearly 60 percent of these costs fall to the government and others in society.5 More than 70 percent of the total costs were attributed to lost productivity. 
Alco hol Aler t
Number 82
There is no known safe amount of alcohol to drink while pregnant.
When pregnant women drink, they put their unborn babies at risk for a wide range of physical, cognitive, and behavioral problems. In fact, prenatal alcohol exposure is the leading preventable cause of birth defects in the United States.
Nearly 40 years ago, the effects of heavy alcohol exposure on the developing fetus were first recognized. And Drs. Smith and Jones, although not alcohol researchers, were the first to coin the term fetal alcohol syndrome or FAS.1 Since then, scientists have defined a broad range of effects caused by prenatal alcohol exposure. We now refer to the disorders that fall within that broad range as fetal alcohol spectrum disorders (FASD). The following are the disorders under the FASD category:
FAS-This diagnosis requires a characteristic pattern of facial abnormalities; growth deficits, prenatally and/or after birth; and central nervous system abnormalities.
Partial FAS-This includes some signs and symptoms of full FAS but not all three of the characteristics noted in the previous bullet.
Alcohol-related birth defects (ARBD)-This includes just alcohol-related physical abnormalities.
This includes central nervous system abnormalities, as well as cognitive and behavioral problems.1
This Alcohol Alert explores the latest research on the full spectrum of alcohol-related developmental disorders, new diagnostic tools that can detect these disorders, and promising interventions and treatment options.
Is Any Amount of Alcohol Safe During Pregnancy?
There is no known safe amount of alcohol to drink while pregnant.2 Studies show that even drinking small amounts of alcohol during Fetal Alcohol Spectrum Disorder s: Understa nding the Effects of Prenatal Alcohol Exposure
